; that is, administration of PCP or its congeners ketamine or dizocilpine can induce schizophrenic-like symptomatology in people (Luby et al. 1959; Krystal et al. 1994; Bunney et al. 1994) and precipitate psychosis in schizophrenics (Ital et al. 1967; Lahti et al. 1994 ). These compounds can stimulate both positive and negative symptoms of schizophrenia (Javitt and Zukin), including cognitive dysfunction (Cosgrove and Newell 1991). As such, PCP administration has been suggested to represent a drug-induced model of schizophrenia (Javitt and Zukin; Steinpreis 1996) .
Phencyclidine (PCP) has psychotomimetic properties in man (Javitt and Zukin 1991) ; that is, administration of PCP or its congeners ketamine or dizocilpine can induce schizophrenic-like symptomatology in people (Luby et al. 1959; Krystal et al. 1994; Bunney et al. 1994) and precipitate psychosis in schizophrenics (Ital et al. 1967; Lahti et al. 1994 ). These compounds can stimulate both positive and negative symptoms of schizophrenia (Javitt and Zukin), including cognitive dysfunction (Cosgrove and Newell 1991). As such, PCP administration has been suggested to represent a drug-induced model of schizophrenia (Javitt and Zukin; Steinpreis 1996) .
The ability of PCP to simulate the symptomatology of schizophrenia in humans has led to the proposal that the behavioral pathologies evident in schizophrenia and PCP-exposed humans are caused by dysfunction of common neural substrates (Luby et al. 1959; Javitt and Zukin 1991) . The effects of PCP on brain dopamine systems has received particular attention (Meltzer et al. 1980; Bowers and Hoffman 1984; Deutch et al. 1987; Hertel et al. 1996; Jentsch et al. 1997a ) since alterations in dopaminergic systems have been hypothesized in schizophrenia (reviewed in Davis et al. 1991; Deutch 1992) .
Recent work has shown that long-term administration of PCP causes enduring cognitive dysfunction and cortical dopamine deficits in rats and monkeys (Jentsch et al. 1997b,c) . These data correspond to reports of cognitive disturbances in schizophrenic subjects (Fey 1951; Goldman-Rakic 1991; Park and Holzman 1992) , and recent in vivo imaging studies of the schizophrenic brain have revealed a failure of activation of frontal cortex during cognitive performance (termed "hypofrontality" by Weinberger and Berman 1996) , effects that may be mediated by dopaminergic dysfunction Daniel et al. 1989 Daniel et al. , 1991 Dolan et al. 1995) . These data are also consistent with studies in nonhuman primates that have revealed that lesions of the prefrontal cortical dopamine innervation lead to working memory impairments (Brozoski et al. 1979 ), a cognitive process closely associated with this brain region (Goldman-Rakic 1987) .
Moreover, prefrontal cortical dopaminergic deficiencies may result in enhancement of activity of subcortical dopamine systems. Destruction of prefrontal cortical dopamine terminals has been shown to augment the response of the mesolimbic dopamine systems to stress ), amphetamine sensitization (Banks and Gratton 1994) , high K ϩ -stimulation (Roberts et al. 1994) , or haloperidol administration (Rosin et al. 1994) . These data have supported an emerging neurochemical hypothesis of schizophrenia: cortical dopaminergic hypoactivity and subcortical dopaminergic hyperactivity (Robbins 1990; Grace 1991; Deutch 1992) . Recent in vivo studies of the schizophrenic brain have revealed evidence for the subcortical component of this hypothesis; heightened responsivity to the dopamine-releasing properties of amphetamine has been shown in the striata of schizophrenic subjects (Laruelle et al. 1996) . Subcortical dopaminergic hyper-responsivity may, thus, be expressed along with cortical dopaminergic hypoactivity in subchronic PCP-treated subjects. This hypothesis is preliminarily supported by the finding that chronic ketamine administration leads to increased apomorphine-induced stereotypy in rats (Lannes et al. 1991) .
In the present report, we describe the results of experiments designed to test the hypothesis that long-term administration of PCP results in subcortical dopaminergic hyperactivity along with enduring deficits in cortical dopaminergic transmission. We tested whether subchronic PCP administration augmented the locomotor response to amphetamine and stress and to haloperidolstimulated increases in mesolimbic dopamine utilization. Furthermore, we extended our previous findings by examining whether the PCP-induced mesocortical dopamine deficits were enduring and due, specifically, to NMDA receptor blockade. Together, these data are the first to demonstrate that long-term administration of PCP induces both enduring cortical dopamine hypoactivity and subcortical dopamine hyper-responsivity in rats, possibly mimicking the neurochemical pathology of idiopathic schizophrenia.
MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats (CAMM, Wayne, NJ) were used. They were maintained on a 12-h light-dark cycle with the light phase being 7:00 A . M . to 7:00 P . M . Rats used for biochemical and locomotor studies were fed and watered ad libitum . All study protocols were approved by the Yale University Animal Care and Use Committee.
Drugs
Phencyclidine hydrochloride, dizocilpine [( ϩ )-MK-801 hydrogen maleate] and d -amphetamine sulfate (Research Biochemicals Inc., Natick, MA) were dissolved in sterile saline and injected in volumes of 1 ml/kg IP. Drug weights were calculated as the salt. Injectable haloperidol (as the lactate; 5 mg/ml; Solopak Laboratories, Inc, Elk Grove Village, IN) was diluted in sterile saline to a volume of 1 ml/kg and delivered IP.
Studies of Basal Neurotransmitter Utilization
In experiments studying basal (or nonstimulated) dopamine utilization, animals were subchronically treated with either saline (1 ml/kg twice daily for 7 days), PCP (5 mg/kg twice daily for 7 days) or dizocilpine (0.5 mg/kg twice daily for 7 days) or received only a single administration of these drugs. For repeated treatments, injections were given at approximately 9 A . M . and 8 P . M . One or three weeks (as specified below) after the final treatment, they were removed from their home cage and sacrificed. No intermediate challenges or stressors were delivered.
Haloperidol Challenge
Rats were subchronically treated with either saline (1 ml/kg twice daily for 7 days) or PCP (5 mg/kg twice daily for 7 days), and 7 days after the final administration, they were given either haloperidol (0.25 mg/kg) or saline (1 ml/kg) and sacrificed 30 min later. This treatment regimen resulted in 4 groups: subchronic salinesaline challenge, saline-haloperidol, PCP-saline, and PCP-haloperidol. This dose of haloperidol was chosen to submaximally increase dopamine utilization in the nucleus accumbens.
Biochemistry
All rats were 250 to 275 grams at the time of sacrifice. Sacrifices were performed during the animals' light phase. Rats were euthanized by rapid decapitation, their brains were quickly removed, and selected brain regions were dissected out from 2-mm thick coronal sections on a chilled platform. Samples were immediately frozen on dry ice and stored at Ϫ 70 Њ C until assayed.
Catecholamine measurements were made with highperformance liquid chromatography (HPLC) using electrochemical detection according to methods detailed in Jentsch et al. (1997a) . Measurements of utilization were made as the ratio of tissue concentration (in ng/mg protein) of the primary metabolite, dihydroxy-O-phenylacetic acid (DOPAC), to the parent amine, dopamine; i.e., DOPAC:dopamine.
Locomotor Testing
The locomotor boxes were identical to the home cages but were in a sound-attenuated room with standard ambient light. Activity was monitored with an automated 16 photocell array (Omnitech Digiscan Micro-Monitor, Columbus, Ohio, USA), which was set to count photocell beam interruptions per 10 min bin period.
For locomotor experiments, rats were initially subchronically treated with saline (1 ml/kg) or PCP (5 mg/ kg) twice daily for 7 days. Seven days after the final injection, they were assessed for rates of locomotion in response to a novel environment for 30 min. All rats then received a saline injection (1 ml/kg) as a mild stressor and were monitored for an additional 60 min. Two days later, the subjects were returned to the locomotor boxes. After a 30 min habituation period, amphetamine (1 mg/kg) was administered, and activity was measured for 60 min postdrug.
Statistics
For basal biochemical studies, group comparisons were performed with one-way analysis of variance (ANOVA) followed by Scheffe's F -test for post-hoc analysis. Comparisons of haloperidol responsivity in saline-and PCP-treated animals utilized two-way ANOVA (with chronic treatment and acute challenge conditions as factors). Significant effects were further examined by factorial ANOVA with Scheffe's F -test. Analyses of locomotor data utilized ANOVA with repeated measures, the repeated measures being time. Analyses were performed with Statview II (Abacus Concepts, Berkeley, California, USA) on a Macintosh IIcx. All data are expressed as mean Ϯ SEM.
RESULTS
Subchronic PCP-Induced Cortical Dopamine Utilization Deficits: Enduring Nature and Dependency on Repeat Treatment and N-methyl-D-aspartate (NMDA) Receptor Blockade
The enduring nature of the PCP-induced cortical dopamine deficit was explored in the current study by examining dopamine utilization in the forebrains of rats 3 weeks after drug administration. Rats were subchronically treated with saline (1 ml/kg) or PCP (5 mg/kg) twice daily for 7 days, and 3 weeks after the final administration, they were removed from their cages and sacrificed with no intervening stressor or challenge. Dopamine utilization in the prefrontal cortex of the PCP-treated rats was reduced relative to saline-treated controls ( Figure 1 ; F (1,29) ϭ 24.97, p Ͻ .0001). In contrast, no difference in nucleus accumbens dopamine utilization between the two groups was detected ( Figure 1 ; F (1,31) ϭ 0.37, p ϭ .85).
To determine whether this was an effect mediated by the NMDA receptor-blocking properties of PCP, a cohort of rats were subchronically treated with dizocilpine (0.5 mg/kg twice daily for 7 days) or saline (identical regimen). Sacrifice occurred 1 week after the final administration as a direct comparison with previous observations that subchronic PCP treatment reduced prefrontal cortical dopamine utilization at 1 week. As with PCP, dizocilpine induced a reduction in prefrontal cortical dopamine utilization relative to saline controls ( F (1,22) ϭ 10.14, p Ͻ .01).
It is possible the observed effects following repeated exposure are mediated by long-term effects of a single administration; therefore, a cohort of rats received either a single injection of PCP (5 mg/kg) or saline (1 ml/ kg) and were sacrificed 2 weeks later. This time point corresponds to the same interval from first treatment to sacrifice in the 1 week subchronic group. No differences in dopamine utilization were detected in the prefrontal cortices of PCP-vs. saline-treated controls ( F (1,23) ϭ 0.002, p ϭ .96). N EUROPSYCHOPHARMACOLOGY 1998 -VOL . 19 , NO . 2 The ratio of DOPAC:dopamine can be affected by changes in either DOPAC or dopamine concentrations. Importantly, changes in the ratio that are driven by substantial alterations in dopamine concentrations alone are not necessarily indicative of altered dopamine utilization, per se . Thus, it is important to note that all reported differences in dopamine utilization occurred in the absence of large or significant changes in dopamine levels (see Table 1 ). The effects are primarily attributable to alterations in metabolite (DOPAC) accumulation.
Stress-and Amphetamine-Induced Hyperlocomotion in Subchronic Saline-vs. PCP-Treated Rats
The locomotor response to mild stress (exposure to a novel environment or saline injection) or amphetamine was determined in PCP-treated and control rats to examine whether PCP administration led to hyper-responsivity to the behavioral effects of stress-and amphetamine-induced mesolimbic dopamine activation. Subjects were subchronically treated with saline (1 ml/kg twice daily for 7 days) or PCP (5 mg/kg twice daily for 7 days) and were tested 1 week after the final drug treatment. Rats were placed in a novel environment and monitored for 30 min. ANOVA-repeated measures (time being the repeated measure) showed a significant effect of chronic treatment across the 30-min sampling session; subchronic PCP-treated rats were significantly more locomotive than saline-treated controls (Figure 2 ; F (1,30) ϭ 4.82, p Ͻ .05). All subjects were then given an IP injection of saline (1 ml/kg) as a mild stressor. Again, ANOVA-repeated measures revealed a significant effect of chronic treatment. PCP-treated subjects were more locomotive in response to the injection than were saline-treated rats (Figure 2; F (1,30) ϭ 5.50, p Ͻ .05).
Two days later, rats were returned to the chambers. No difference between saline-and PCP-treated subjects were detected by ANOVA-repeated measures in the initial 30-min baseline period (Figure 2 ; F (1,30) ϭ 1.02, p ϭ .32). In contrast, subchronic PCP treatment augmented amphetamine-induced (1 mg/kg) hyperlocomotion, as indicated by a greater increase in locomotor activity in PCP-treated rats as compared with controls ( Figure 2; F (1,30) ϭ 6.04, p Ͻ .05 by ANOVA-repeated measures).
Haloperidol-Induced Increases in Nucleus Accumbens Dopamine Utilization
No significant differences between basal nucleus accumbens dopamine utilization were detected in subchronic saline vs. PCP-treated rats (Figure 3; F (1,14) ϭ 2.71, p ϭ .13). Haloperidol (0.25 mg/kg) increased dopamine utilization in the nucleus accumbens of both saline- (Figure 3; F (1,14) ϭ 380.00, p Ͻ .0001) and PCPtreated ( Figure 3; F(1,14) ϭ 1788.21, p Ͻ .0001) rats 30 min postadministration. Furthermore, two-way ANOVA using chronic treatment (saline vs. PCP) and acute challenge (saline vs. haloperidol) as factors revealed a significant interaction between these two conditions (F(1,28) ϭ 24.18, p Ͻ .0001), and this effect was attributable to greater haloperidol-induced increases in dopamine utilization in PCP-treated relative to saline-treated rats (Figure 3; F(1,14) ϭ 22.02, p Ͻ .001).
DISCUSSION
These data provide evidence for prolonged hypoactivity of mesocortical dopamine neurons and hyper-responsivity of mesolimbic dopamine neurons after subchronic PCP exposure. Previously, we showed that subchronic PCP exposure impaired spatial working memory and led to reductions in basal and stress-evoked dopamine utilization in the prefrontal cortex of the rat (Jentsch et al. 1997b) , and here, we demonstrate that this biochemical effect is enduring (at least 3 weeks), dependent upon repeated exposure to the drug, and induced by longterm NMDA receptor blockade. Furthermore, we show augmented locomotor response to mild stress and amphetamine (using behavioral measures) and haloperidol administration (using ex vivo biochemical measures) in rats after subchronic PCP exposure.
Although the behavioral effects of amphetamine administration and the neurochemical effects of haloperidol administration are not directly comparable, together they provide evidence for mesolimbic dopaminergic hyperresponsivity. The neurochemical effects of mild stress exposure or systemic amphetamine administration on dopamine transmission in the nucleus accumbens are complicated by the fact that these conditions likely increase prefrontal cortical dopamine transmission to some degree in rats repeatedly exposed to PCP, even if the response is reduced as compared to controls (Jentsch et al. 1997b) . Thus, these situations may lead to a partial reversal of the cortical dopamine dysfunction that presumably propagates the subcortical hyperactivity. Instead, we studied the neurochemical effects of haloperidol administration, because it preferentially activates mesostriatal dopamine neurons, sparing mesocortical neurons, and thus, is less likely to reverse the cortical dopamine deficit.
These data are consistent with the previous finding that repeated exposure to ketamine, a PCP congener, enhances apomorphine-induced stereotypy in rats (Lannes et al. 1991) . Augmented behavioral effects of a direct dopamine receptor agonist would suggest that postsynaptic dopaminergic function may likewise be enhanced and that dorsal striatal function may also be enhanced, because stereotypy is most closely associated with the nigrostriatal dopaminergic innervation of dorsal striatum.
These data are the first to demonstrate that subchronic exposure to PCP induces frontal cortical cognitive deficits and hyper-responsivity to stress or amphetamine, moreover, they suggest that cortical dopaminergic hypoactivity and mesolimbic dopaminergic hyperactivity may subserve these effects, respectively. Thus, subchronic PCP exposure provides further functional evidence for dysfunction of cortical and subcortical dopamine systems in schizophrenia (Davis et al. 1991; Grace 1991; Deutch 1992 ).
Anatomic and Pharmacologic Specificity of the Effects of PCP
The dopaminergic abnormalities in this model seem to be attributable to dysregulation of dopaminergic systems rather than morphologic or anatomic changes in dopamine neurons, per se. Repeated exposure to PCP has not been reported to induce anatomic damage to dopamine neurons within the ventral mesencephalon (Ellison 1995) , and we have not observed PCP-induced reductions in cortical dopamine levels, a presumed indication of loss of dopaminergic terminals (Jentsch et al. 1997b,c) . Furthermore, we have not seen any indication of neuronal death, as revealed by suppressed silver staining, following this PCP treatment regimen (unpub- Figure 3 . Haloperidol induces increases in nucleus accumbens dopamine utilization in rats repeatedly treated with either saline or PCP; however, this increase is greater in PCP-treated rats than controls. ****Increased relative to saline challenge: p Ͻ .0001 by analysis of variance and Scheffe's F-test. †Greater increase than in subchronic salinetreated rats: p Ͻ .01 by ANOVA and Scheffe's F-test. Data represent mean Ϯ SEM. lished findings). In contrast, chronic (not intermittent) PCP administration or acute, high-dose PCP treatment has been shown to damage neurons within the corticolimbic axis (reviewed in Ellison). It remains possible that the ascending dopamine neurons may have altered regulation or responsivity because of dysfunctional ventral midbrain afferents.
In the current study, it was shown that dizocilpine mimics the effects of PCP after repeated administration. In addition to its action at NMDA receptors, however, PCP has significant affinity for the membrane dopamine transporter and sigma receptors. Of course, the similar effects of the selective noncompetitive NMDA receptor antagonist dizocilpine suggest that this receptor contributes heavily to the observed inhibition of cortical dopamine transmission, but it may be that other sites of action of PCP are contributory to its long-term dopaminergic effects.
Validity of the Subchronic PCP-Based Animal Model of Schizophrenia
The validity of subchronic PCP administration as an animal model of schizophrenia is supported by several findings. First, extensive literature shows that PCP is a drug with the ability to simulate schizophrenic-like episodes in humans (Luby et al. 1959; Javitt and Zukin 1991) . Chronic PCP abuse in humans can cause enduring presentation of schizophrenic-like symptoms (Pearlson 1981; Javitt and Zukin), and this is the exposure condition most closely mimicked in the current study. Thus, in humans, PCP administration seems to represent a drug-induced model of some aspects of schizophrenia.
Behaviorally, subchronic PCP administration induces spatial working memory deficits in rats (Jentsch et al. 1997b ) and behavioral disinhibition and perseveration in monkeys (Jentsch et al. 1997c) . Schizophrenics have been reported to have these same symptoms: working memory impairments (Park and Holzmann 1992) , behavioral disinhibition, and perseveration (Fey 1951; Weinberger et al. 1986 ). Furthermore, we now demonstrate hyper-responsivity to the stimulant qualities of stress and amphetamine in PCP-treated rats, and schizophrenic subjects can show increased psychotic symptoms in response to stress and amphetamine (Angrist and Gershon 1977) . Finally, abnormal social interactions have previously been characterized in rats after subchronic PCP administration (Sams-Dodd 1996) another classic symptom of schizophrenia. Neurobiologically, this model seems to mimic some observations of alterations in the schizophrenic brain. In vivo studies of cerebral glucose utilization in the schizophrenic brain have shown failure of metabolic activation of the frontal cortex during impaired performance of cognitive tasks in schizophrenia (Weinberger et al. 1986; Andreasen et al. 1992; Weinberger and Berman, 1996) , and this prefrontal cortical hypoactivity has been observed in chronic PCP abusers, also (Hertzman et al. 1990; Wu et al. 1991) . The degree of hypofrontality in schizophrenia has been shown to be inversely correlated with cerebrospinal fluid levels of homovanillic acid (the major metabolite of dopamine in humans ), and hypofrontality is alleviated after administration of the catecholamine-releasing drug amphetamine (Daniel et al. 1991) or direct dopamine receptor agonist apomorphine (Daniel et al. 1989; Dolan et al. 1995) , suggesting that dopamine deficiencies in the cortex underlie the metabolic failure. This is analogous to the PCP-induced cognitive and dopamine deficits in the prefrontal cortex. Furthermore, hyperactivation of dopamine release (as measured by in vivo displacement of a dopamine D2 receptor ligand) by amphetamine has been reported in the schizophrenic striatal complex (Laruelle et al. 1996) , and PCP-treated rats are hyper-responsive to amphetamine, presuming an increased mesolimbic dopamine response to this drug. Finally, a recent study reported decreases in dopamine D1 receptor mRNA in the frontal cortex of rats repeatedly treated with MK-801 (Healy and Meador-Woodruff 1996) . These findings directly correspond with in vivo imaging studies of dopamine receptors that have revealed decreased prefrontal cortical dopamine D1 receptors in the schizophrenic brain (Okubo et al. 1997) .
Overall, it seems that repeated exposure to PCP mimics many of the behavioral and biochemical sequelae of schizophrenia, findings that are tantamount to both face and construct validity for the PCP model of schizophrenia. Furthermore, several studies have generated data to suggest that the PCP model may have predictive validity, showing a qualitatively similar response to drug treatment as schizophrenia (Steinpreis et al. 1994; Sams-Dodd 1996; Jentsch et al. 1997c ).
Relationship to Other Animal Models of Schizophrenia
Other models have been developed in an attempt to mimic schizophrenia in animals, the most interesting being neonatal hippocampal lesions in the rat . This model has the unusual and distinctive feature of being developmentally valid. Schizophrenia is a disease that generally surfaces postpubertally, and the effects of neonatal ventral hippocampal damage seem to emerge only after puberty in rats ). Using this model, Lipska and colleagues have also demonstrated abnormal locomotor, stereotypic, sensorimotor-gating, and dopaminergic responses to stress, amphetamine, or apomorphine Lipska and Weinberger 1994; Lipska et al. 1995a,b) , akin to the current findings. In addition, preliminary evidence for memory deficits in neonatally lesioned rats has been reported (Chambers et al. 1996) ; however, it is not clear that these deficits are dependent upon prefrontal function or are qualitatively similar to those observed in schizophrenic subjects. Finally, reduced social interactions have been reported in neonatally hippocampus-lesioned rats (SamsDodd et al. 1997) .
Unlike findings with PCP, there is no clear validation of the ventral hippocampal lesion model in humans. Temporal lobe abnormalities have been consistently reported in schizophrenia (Kerwin and Murray 1992) , but neonatal ibotenic acid lesions of the rat ventral hippocampus do not mimic either the degree or extent of temporal lobe abnormalities reported in schizophrenia or the lateralization of the purported anatomic defects (in the left, but not right, temporal lobe) (Shenton et al. 1992 ). In addition, although imaging studies have argued for a relationship between temporal activation and psychotic symptoms (Gur et al. 1989; Liddle et al. 1992) , several studies have failed to correlate medial temporal lobe abnormalities with neuropsychological impairments in schizophrenic subjects (Goldberg and Weinberger 1988; Seidman et al. 1994) . Of course, future imaging and neuropsychological studies may provide information regarding the precise role of hippocampal dysfunction in schizophrenic symptomatology; moreover, this model could reflect some important features of schizophrenia, if not the circumscribed disorder.
Another important animal model of schizophrenia relies on induction of selective anatomic and neurochemical lesions of the dorsolateral prefrontal cortex in monkeys. Damage to the dorsolateral prefrontal cortex or lesions of the prefrontal cortical dopamine innervation can both induce deficits reminiscent of schizophrenic negative symptoms and working memory dysfunction in monkeys (Brozoski et al. 1979; Goldman-Rakic 1987 . Furthermore, damage to cortical dopamine terminals has been shown to induce mesolimbic dopaminergic hyper-responsivity in rats and monkeys Rosin et al. 1994; Roberts et al. 1994) . This model, in many ways, implicates similar neuropathology in schizophrenia as does the PCP model. The lesion model, however, may not be as useful as the PCP model, because 6-hydroxydopamine lesions of the monkey frontal cortex are fraught with technical difficulties (e.g., craniotomy, local edema, nonselectivity of the lesion). In contrast, we have shown profound and enduring cortical dopamine transmission deficits in monkeys after subchronic PCP administration, a completely noninvasive procedure (Jentsch et al. 1997c ).
Conclusion
The behavioral and neurochemical data, taken together, strongly argue for validity of subchronic PCP administration as an animal model of schizophrenia. This model may, therefore, provide a mechanism for the investigation of the pathophysiology of schizophrenia and be predictive of pharmacological response of schizophrenic subjects to antipsychotic drugs. Indeed, our recent work has demonstrated that cognitive deficits in subchronic PCP-treated monkeys are alleviated by clozapine (Jentsch et al. 1997c ) but exacerbated by haloperidol (our unpublished data). These data correspond with some clinical reports of the effects of clozapine and haloperidol on schizophrenic cognitive dysfunction (Lee et al. 1994) .
Studies of PCP in both humans and animals extend the hypotheses that schizophrenia is a disease that may be subserved by frontal cortical dopaminergic hypoactivity and mesolimbic hyper-responsivity. In tandem with clinical data suggesting cortical hypodopaminergia in schizophrenia, these neurochemical and behavioral effects of PCP suggest that selective pharmacological strategies targeted at alleviating cortical dopaminergic dysfunction may be an effective treatment for schizophrenia. Perhaps most exciting is the possibility of using what is known about the unique pharmacologic regulation of mesocortical dopamine neurons to advance future novel and highly selective treatments for schizophrenia that involve augmentation of mesoprefrontal cortical dopamine neuron function.
